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Introduction
Liquefaction is a phenomenon in which the strength and stiffness of a soil is 
reduced by earthquake shaking or other rapid loading. It usually occurs in 
loose, saturated sand deposits. Liquefaction and related phenomena have 
been responsible for tremendous amounts of damage in historical 
earthquakes around the world. 
A large-scale soil treatment model has been developed to investigate the in-
situ techniques to stabilize loose, liquefiable sand deposits. The model with 
dimensions of 8 by 12 feet in plan and 4 feet in depth is the largest facility in 
the United States. The technique involves injection of stabilizing materials 
into the liquefiable deposit using a combination of injection and extraction 
wells. The stabilizer is dilute colloidal silica, which is a low-viscosity liquid 
that can be made to gel by adjusting the ionic strength of the solution. 
The purpose of this research is to 
investigate delivery techniques and the 
ability to achieve adequate coverage. 
A typical hazard caused by liquefaction 
during Kocaeli (1999, Turkey) 
earthquake is on the left. 
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¾ 49 sampling and water level monitoring stations were
accommodated within the simulation tank.
¾ Samples were taken at three different depths, and
the colloidal silica concentration was measured by
direct burning method. The data was verified by
electrical conductivity method.
Piezometer
Test 1 and Test 2
¾ A picture of the complete system before Test 1 and 2 
(above). Low rate peristaltic pumps enabled to complete 
injection in 4 days.
Experimental Setup
¾ Injection and extraction
pressures were measured
and logged onto computer.
¾ Injection pressures were
verified by 3-D numerical
analysis program,  
UTCHEM®.
¾ Fine to medium sand was
pluviated through water for
obtaining a loose relative
density for each test.
¾ Conductivity cells with data
logging system enabled the
measurement of conc. of   
colloidal silica in every 30 
min. in 3-D space.
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Concentration Plots
¾UTCHEM ® flood simulator was verified with Y. Lin’s( 2006) 1-D column tests.
¾According to the modified UTCHEM ® simulator model some modifications were needed.
For example, increasing the injection rate compensates for the sinking behavior.
¾A higher injection rate will only be possible with a  covered top.
¾The proposed new setup is believed to be finished in a month so that more tests 
based on the results from the flood simulator will be made.
¾If the predicted behavior is achieved, the flood simulator will be used further to design   
more specific real cases.
¾This study will provide a basis to write a design code.
Achievements and Goals
a-) Concentration plots during Test 2, b-) and c-) Utchem ® back simulation results
d-) Utchem ® simulation with an increased injection and extraction rate and covered top  
layer. All plots show that slow rate of injection doesn’t compensate for sinking behavior 
of colloidal silica. Because of this reason, colloidal silica was modeled as density 
assignable oil component in flood simulator UTCHEM ®.
¾ Test 3 which had a shorter
injection and extraction   
path is shown on the left.
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